Abstract
Introduction
Mobile technologies have begun to influence our everyday lives. Among the various available mobile devices, the mobile phone is the most popular and essential device that is always carried by people. The future of mobile phones is in fact the future of services, i.e., software as a service. Regardless of whether the underlying software is an application, application component, platform, framework, environment, or some other software infrastructure used for developing applications to be delivered as services over mobile phones, it is ultimately software as a service. For example, a mobile phone is not just a portable phone; it can be used as a camera, MP3 player, Kindle, game player, etc. Even though a mobile phone is a voice communication device, it can also be regarded as a service system with convergence functions. Customers are no longer satisfied with just voice communication.
Services are a new application field used to configure services, which support interoperability between new services and existing service applications. The increasing inclination toward blended services is accelerating software development [1] . Service identification is one of the first steps in the life cycle of service development. After then services are classified for reuse. One of the most common approaches used to classify services is on the basis of two aspects: commonality and variability. A service is an abstract resource that represents the capability to perform tasks representing a coherent functionality from the viewpoint of the provider and consumer. In order to enable further acceleration of software development and adaption of the software to customer requirements, mobile phones must be manufactured as service composites. Furthermore, mobile phones must be produced considering the time-to-market.
Therefore, the rapid development of services is needed to support the business aspect as well as technical aspect. Customer needs and services are presented using a feature model such as a product line, which can be used for modeling the common variable requirements of a product. In addition, service reuse is needed an effective classification method that uses a feature model and refines services for more productive service. This paper proposes a classification method of commonality and variability that adopts feature-based product line engineering, which plays an important role in domain engineering [2] . This method uses our previous works [3] to identify services for serviceoriented product lines. The previous service identification method is as follows. First, service candidates are produced according to a binding algorithm. Second, service candidates are refined using the concept of a service boundary. And then this paper proposes a service is classified on the basis of commonality and variability for reuse. The proposed method considers both business and technical aspects, which can decrease both developmental cost and delivery time. In addition, I can find the magnitude of services from previous experience. Furthermore, an identified service with high modularity greatly facilitates service reuse in mobile phone development.
In this work, this paper is organized as follows. In Section 2, the preliminary research is described related to feature model for service and our service identification method. In Section 3, the feature model is described in terms of relational and selective attributes for explicit classification method. In Section 4, an exploratory case study of a mobile phone is presented for improving the productivity of services. In Section 5, the evaluation of proposed method is explained. Finally, I summarize my findings.
Preliminary Research

Service Identification Methods
A considerable amount of research has been conducted on service identification methods to identify services in service-orientation, such as SIA (Service Identification Approach to SOA development) [4] , SIU (Service Identification Using goal and scenario) [5] , MDS (Model Driven Service identification) [6] , SIP (Service Identification and Packaging) [7] , and SIO (Service Identification via Ontology mapping) [8] . The most common approaches used to identify services are classified on the basis of two aspects: the business aspect and the technical aspect. The business aspect provides specifications for business services. This approach is often referred as domain decomposition, and it involves decomposing the business domain into its functional areas and subsystems. One benefit of this approach is that the identified services match the organization's business requirements.
For example, studies have focused on identifying services in terms of business aspects using a defined alignment of software and business values [9] , service identification using goal and scenario [5] , and service identification through UML-based business process modeling [6] . However, important aspects have not been addressed in these researches: the method for alignment between business and services to improve traceability and unexpected changes in the business environment in terms of the market demand and supply.
As for the technical aspects such as the component-based part of system analysis, existing systems are analyzed and selected as viable candidates for developing lower cost solutions to implement the underlying service functionality supporting the business process. This approach involves separating functionality into units with high internal cohesion. In some cases, componentization of legacy systems is essential in order to remodularize the existing assets supporting the service functionality. The benefit of a component-based approach is that service identification becomes very simple. Some analysis has already been performed as part of the component-based development method. Service-oriented reengineering for identifying services was researched in order to satisfy business requirements. Legacy systems typically store large amounts of critical data and business logic and cannot simply be replaced. By using feature analysis, services were identified as logical groupings of one or more features [10] . The other method is that the business functionalities embedded in the legacy system should be identified so that they can be reused in the target service [7] . A method of developing reusable code using ontology mapping for service identification has been proposed [8] . These research show that a bridge between the legacy and solution domains is required; services must be identified by considering cohesion for reuse.
Feature-based Service Identification Method
The feature model is a domain modeling technique that can be used for modeling the common variable requirements of a product in a software product line. Feature modeling plays an important role in domain engineering. It is considered as the greatest contribution of domain engineering to software engineering [2] . There are several feature-based approaches to software development in product lines, such as FODA (Feature-Oriented Domain Analysis) [11] , FORM (Feature-Oriented Reuse Method) [12] , RSEB (ReuseDriven Software Engineering Business) [13] , and PLUSS (Product Line Use case modeling for Systems and Software engineering) [14] . Features must be explicitly analyzed since their extraction and analysis is based on the common understanding of domain analysts.
The previous work is to identify services from feature model for service-oriented product lines as following [3] . In order to construct a method of feature-based service identification that includes business and technical aspects, the previous method is conducted to identify services using the attributes of the feature model. The feature-based service identification method for mobile phones consists of three activities: binding features, attributes counting and refining service candidates. The detailed process of service identification for services is as follows. Features representing both functionality and non-functionality are modeled in terms of business and technical aspects for the services of mobile phones. Binding features generate service candidates according to the features' relational and selective attributes. Service candidates are refined according to the attribute distance between features.
Feature binding refers to the clustering of features in the feature model that contain similar concepts. Features with similar functionalities and non-functionalities are grouped together according to the selective and relational attributes of the business requirements. Feature binding begins with the identification of independently configurable service features. Three aspects must be examined for feature binding: what features are bound (i.e., the feature binding unit), when the features are bound (i.e., the feature binding time), and how the features are bound (i.e., the feature binding techniques). This information must be accessible in the service design in order to ensure that the composition of services is feasible for feature binding [15] . The final product of this process is a set of features, which is represented by a service candidate. According to this set of features, a group unit evolves as a service candidate. A binding algorithm is applied in order to bind features. Feature binding is the degree of feature cohesion for a concept hierarchy of features expressed as a service. Feature binding algorithm is applied as follow.
Refining service candidates generally involves modifying, adding, and eliminating features from existing service candidates according to changing business requirements. However, when a new service candidate is constructed, refining involves eliminating or avoiding conflicts between the features of the initial service candidate in order to obtain a high-quality service candidate. The refinement of service candidates involves the definition of a service boundary and uses the relational and selective attribute weighting formulae. Service candidates can be classified as tightly or loosely coupled according to their semantics (i.e., edge-based or node-based). This implies that a service candidate is optimized for adequate granularity using similar semantics. The service boundary is the semantic distance between a key feature and the boundary features. Thus, a key feature is related to the total number of features within a semantic radius.
Classification Method
In order to make the domain features explicit, the feature model must be depicted. The feature model provides a common understanding and structure for developers or software development agents, and enables the reuse of domain knowledge. The reusability of identified services is thus improved by a feature model, which analyzes domain knowledge in terms of semantics [16] [17] .
The feature model represents concepts in a particular domain and defines their relations to various properties. It enables reuse of domain knowledge and shared understanding of a system's structure. A feature is defined as a distinguishable characteristic of a concept. Besides, the structure of a feature model is a tree classification system expressing knowledge of a specific domain. In classical conceptual modeling, features describe concepts which differentiate instances. As shown in Table 1 , there are characteristics of feature model. Therefore, a feature model provides a mechanism, which determines feature attributes and defines a feature refinement rule in terms of these attributes. This improves the reusability of identified services that have similar functions. A feature attributes profile is produced to determine a domain feature explicitly. The criteria for attributes profile from feature models are classified into two sub-categories: relational attributes and selective attributes, as shown in Table 2 . The feature model shares a common understanding of the structure of the features and enables reuse of domain knowledge. This improves reuse of identified services with the feature model, which analyzes domain knowledge. The feature models are defined in terms of services realized as software products, i.e., refined service candidates. A service candidate is a set of features. Its optimization is based on its boundary, which is the counting distance between a key feature and the boundary features. Thus, the feature model can be represented by relational and selective attributes. According to previous feature characteristics and attributes, commonality and variability analysis of services are conducted for reusability. A key element in the success of reuse and domain engineering is the ability to predict the required variability in future assets [18] . Software reuse, the use of existing software artifacts or knowledge to create new software, is a key method for significantly improving software quality and productivity. Reusability is the probability that a component can be used again [19] . To improve the reusability of identified services is required analysis of the commonality and variability with these services; this involves analyzing the service properties and reuse levels. The service types in a service level are as follows: mandatory, optional, alternative, and or. There are three service reuse levels: new development level, extended development level, and reuse development level. Table 3 shows the analysis of commonality and variability of services. Figure 1 shows the method of commonality and variability analysis after identifying services for mobile phones, which consists of three activities: binding features, refining service candidates, and classifying services. And then Service commonality and variability are used to classify services in terms of their properties and the three levels of reusability.
Service identification is the first step in classification method. Considering both business and technical aspects is desirable during service identification. A service is an abstract resource that represents the capability to perform tasks representing a coherent functionality from the viewpoint of the provider and consumer. In order to enable further acceleration of software development and adaption of the software to customer requirements, mobile phones must be manufactured as service composites. Furthermore, mobile phones must be produced considering the time-to-market. Therefore, for the rapid development of services, commonality and variability analysis is required to support the business aspect as well as technical aspect. Customer needs and services are presented using a feature model such as a product line, which can be used for modeling the common variable requirements of a product. An effective classification method can make productive service reuse.
Analysis Commonality and Variability with Mobile Services
An exploratory case study has been undertaken to ensure the reliability of the proposed method. The case study implements the services of a mobile phone. The implementation of feature-based method showed that service identification using the feature model is explicit. In addition, services are classified in terms of commonality and variability of product lines. Figure 2 shows the overall architecture of mobile services in this paper. For service identification, first thing is defining the feature model and identifying services. Various functions for mobile phones are constructed as services. The novel configuration of functions and product lines achieves flexible systems through service-orientation, and manages product variations though product line engineering techniques. Considering service features from the user's point of view enables us to manage configuration changes of service-oriented systems effectively. 
Figure 5. Analysis of Commonality and Variability
The identified services and feature alterations obtained after refining of the service candidates for multimedia components are shown in Table 4 . S1 is an example of an identified multimedia service, which consists of 11 features: f1(View Image), f2(Perform), f3(Save), f4(Slide Show), f5(ZOOM), f6(Scaling), f7(Cropping), f8(Annotate), f9(JPEF), f10(TIFF), and f11(RAW). The 6 features of service candidate S1 are refined by service boundary calculation. Finally, the identified services are classified according to their commonalty and variability. The service classification results are shown in Figure 5 , which illustrates the commonality and variability of the 9 identified services.
Evaluation of Performance
The cost and delivery time of the next product can be predicted approximately using the resources of identified services. The cost and delivery time are measured for the business aspect and cohesion is evaluated for the technical aspect in terms of granularity and service-orientation characteristics. Table 5 shows the resource expectations for the identified services. The size of a service can be found from previous experience. Assuming the productivity of a developer is 20 LOC/h, the development schedule can be calculated using 3 h work per day [19] . For instance, the development schedule of MP3 is (700 LOC/20 LOC/h)/3 h = 11.7 D. In addition, the identified services can be reused that incorporate mandatory properties at no additional production cost to development software. Finally, the model for software reuse is used to measure productivity from Gaffney and Durek [20] . The productivity is described by following model (1) .
Where R is the proportion of reused features in the service (R ≤ 1) and b is the relative cost (for all new features) of incorporating the reused features into the new service (b = 1 for all new features). The productivity must be <1 for the reuse to be cost effective. The value of b depends on the life-cycle phase of the reusable service. The proposed works shows the productivity fluctuation according to the number of services, determined using the productivity formula. For the proposed method, productivity increases steadily with the number of services increases, whereas there is no productivity for other methods.
Conclusions
Blended services are a new application field used to configure services, which support interoperability between new services and existing service applications. The increasing inclination toward services is accelerating software development. Among the various mobile services, blended services are the most essential technology with respect to reuse in the software development of mobile phones. And feature models are widely used in product lines for domain analysis, but considering reuse of software approach for serviceorientation have not been extensively developed.
Therefore, this paper proposed a classification method of commonality and variability for services of mobile phones using the attributes of feature model. The feature attributes enable us to classify the services explicitly. In addition, classifying services in terms of commonality and variability improves the probability of reuse for development. This paper aims to improve reusability and predict the schedule and cost of services of mobile phones with respect to time-to-market. Classified common services are able to reuse services in service-oriented product lines.
